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18. 

19. 

20 . 


Hughes' aerosol extinction coefficient variations 
■vith altitude. (Hughes, 1980) - 

Aerosol extinction coefficient variations ••/ith 
altitude. (Hughes and Richter, 1980) - 

Soectrometer prooe mounted on the aircraft. - 
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90 


Spectrometer prohes and lower level wind instruments 
mounted on the cow of the R/V ACAHIA. -2 - 


Sensor locations on board the R/V ACAniA: wind sen¬ 
sors at 2 and 4, spectrometer probes at 3. - 

Cruise track of the R/7 ACANIA on 1 Hay 1980. - 

Same as Figure 6 except 3 Hay 1980.-- 

Same as Figure 6 except 5 -ay 1980. - 

Same as Figure 6 except 6-8 Hay 1980. - 
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9.; 
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Same 

,t path of 
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Figure 
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morning of 3 
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Same 
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Figure 
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except 
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3 Hay 1980. 
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Same 
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Figure 
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morning of 5 

Hay 19 s0. - 

14. 

Same 
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Figure 
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5 Hay 1980. 
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Same 
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Figure 
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except 

morning of 7 

Hay 1980. - 
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Figure 

10 

except 

afternoon of 
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Hap of Honterey Bay, location of the R/7 ACANIA 
v/hen not on track and locations of Fritssche Field 
(CAR) and ...onterey Airport (HRY). - 

Surface and 500 millibar analyses for the v/estern 
U.S. at 0500 FDT on 25, 29, and 30 April 1980. 
(NC.IA) - 




Same as Figure 18 except 1, 2 and 3 --‘ay 1980. - 

1 Hay 1980 GOBS Nest Satellite imagery at 0915 FBi• -- -1 
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as Figure IS except 4, 5» 
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I 9 SO GODS '//est Satellite 

Lmagery at 1645 


’1 1 


Same 

as Figure IS except 7, 8 , 

and 9 Nay 1980. 


Lie 



25 . 

7 ::a.y 

198 c GOSS V/est Satellite 

imagery at 1615 

^ ^ ^ * — 

1 . ^ 

26. 

1 r:ay 

1980 at 1710 FDT. .Urcr 

aft profile of virtual 



potential temperature Ccottom scale, in degrees 
Celsius), solid line, ai-id mining ratio (top scale. 



in gr 

'ams 

per hi 

-log 

:ram) , 

broken 

line, 

versus 

height. -52 

97 

^ 1 • 

Same 

as 

Figure 

26 

except 

1 -^ay 

1980 

at 17^2 

T' 

r^- .-a-' 

28. 

Same 

as 

Figure 

26 

except 

1 Nay 

1980 

at IS 52 

'O'pm - 

29 . 

Same 

as 

Figure 

26 
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profile 


at 1225 FDT. - 

30 . Same as Figure 26 exceot 1 r»;ay I 9 SO NFS profile at 
1553 FDT. --- 


31 . 


1 Nay I 9 SO at 175^ profile of relative humidity 
(■bottom scale) solid line, observed extinction 
coefficients (top scale), series of short solid and 
dashed lines, and predicted extinction coefficients, 
series of short solid lines versus height. Top 
scale is logarithmic, v/here 1 is 10 . './ind speed (U) 
at 1-.6 m/s and wavelength (LATSDA) at 3.75 microns. -53 


32 . Same as Figure 31 except 1 Nay I 98 O at 1903 FDT 
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Same as Figure 26 except 3 Nay 1980 at 1036 




35 . 


j ^ . 

37. 


38. 


Sane 

as 

Figure 

26 

except 

> 

i-iay 

1980 

r-. -J- 

d u 

r'ml . 


^ arne 

as 

Figure 

26 

except 

r 

Nay 

I 9 SO 

at 

1652 FDT. 

_ 

^ po 0 

as 

Figure 

26 

except 

3 

Nay 

1980 

at 

1711 FDT. 


Sane 

as 

Figure 

26 

except 


Nay 

1980 

a 

1832 FDT. 

, - 

Same 

0800 

as 

?D 

Figure 

rn 

26 

except 

9 

> 

Nay 

1980 

NF 

S profile 

a j 


39. 


Same as Figure 26 exceot 3 Nay 1980 .A.CANI.1 profile 
at 0845 FDT. -1- 
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50. 
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Same as Figure 26 exce-oi: 3 lay 1980 ACArilA urofile at 

r:]9rTi -1-g 

-t- ^ ^ ^ - - - • 

Sajue as Figure 31 except 3 lay I 98 O at iCl-4 pDF and 
••/ind speed at 3.6 .u/s. -7C 

Same a.s Figure 31 except 3 lay I 98 O at II 58 ?DT and 

',7ind speed at 4.1 m/s. - (1 

Same as Figure 31 except 3 lay I 98 O at 1730 PDF and 
v/ind spped at 3.8 m/s. lind speed calculated from 
friction velocity. - 72 

Same as Figure 26 except 5 lay 1980 at 1007 FIT. - 76 

Same as Figure 26 except 5 lay 1980 at 1035 FOF. - 77 

Same as Figure 26 except 5 lay 1980 at 1148 PDT. - 7t 

Same as Figure 26 except 5 lay 1930 at 1700 PDT. - 79 

Same as Figure 26 except 5 7"ay I 98 O at 1734 PDT.-30 

Same as Figure 26 except 5 lay I 98 O at 1551 PDT. - ol 

Samie a.s Figure 26 excent 5 lay I 98 O ACAITIA profile 
at 0025 FDT. -1-82 

Same as Figure 26 exceat 5 lay I 98 O IPS profile at 
0753 PDT. -1-35 

Same as Figure 26 exceot 5 lay 1980 .^CAPIA profile 
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Same as Figure 26 exceot 5 lay 1980 IPS crofile at 
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Same as Figure 26 except 5 lay I 98 O ACAi'ilA profile 
at 1600 FDT. - 56 

Sam.e as Figure 31 except 5 .‘^ay 1980 at 1050 PDT and 
• 7 ind speed at 6.1 m/s. -37 

Same as Figure 31 except 5 ^'.ay 1980 at 1200 PDT and 
'vind speed at 6.3 m/s. -38 

Same as Figure 31 except 5 lay 1980 at 1746 FDT and 
v/ind speed at 10.3 .m/s. -39 

Same as Figure 31 except 5 lay I 9 SO at I 90 I FDT and 
v/ind speed at 10.5 m/s. Tind speed calculated from 
friction velocity. --1-90 
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lind speed 
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S ame 
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Pel at 
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curve 

for different air 



mass characteristics, representing different aerosol 
types, in terms of amhient (r) versus dry size (r ) 
radius. (Fitzgerald, 1972) ---- 
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Tha Department of Defanse (DCD) and its agencies are 
interested in optical properties because of optically guided 
•veapon systems. The Air Force is particularly interested in 
aerosol extinction for its precision guided munitions (FGh) 
/"Cottrell at al, 1979_7. DCD has fGh's that operate at 
differing v/avelengths v/hich range from the visible to the 
micro'.vave regions. The PG-h has a greater ability to hit a 
target than conventional munitions, but an important con¬ 
trolling factor is the ability of the guidance system to 
"see" the target. The ability for the FC-.'.I to "see" the 


•T! cr o1 


is dependent on the v/avelength for v/hich sensors are designed 
and the properties of the intervening atmosphere. The 
degrading properties of the atmosphere are principally m.olecular 
absorption and aerosol scattering. The v/avelengths for the 
different sensors ane prim.arily selected so that molecular 
absorption is minimized. Therefore, scattering by aerosols 
becomes the main concern, once a relatively molecular 
absorption free vindov/ has been found. 

helatively absorption free v/indov/s exists in the visible, 
infrared (IF), milli.meter’vave, and microv/ave v/aveleng“hs. 

VJhile both absorption and scattering by aerosols are 
affected by v/eather elements, scattering appears to be more 
affected than absorption in mosz cases /"Cottrell et al, 1979_7* 
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The ability to assess aerosol extinction frcrt s;;/Tacptic 
scale descriptions v/ould help in decisions of v/hich type of 
systan to use against a target, because some systems are 
launched from the air, it is important that descripsicns 
include vertical distributions of aerosol extinction, hcdels 
exist for estimating vertical extinction profiles but they 
have not been validated sufficiently. To do this, profiles 
of actual extinction .must be compared to the extinction pre¬ 
dicted by existing models. If the .models do not v/ork and if 
modifications cannot be made, new models .must be developed. 

The purpose of the study is to describe the synoptic condi¬ 
tions occurring with a unique set of mixed layer and aerosol 
data to evaluate an existing model. 

An experiment entitled Tlarine Aerosol Generation and 
Transport (’lAGAT) was conducted in the vicinity of the 
Monterey 3ay, California, during the period of April 2S to 
May 9. 1920 . The purpose of this experi.ment is to examine 
she compatibility of optical and .micrometerorological propa¬ 
gation theory, and to extend dj-namic m.odels of the evolving 
marine atmospheric boundary layer to include aerosol and 
turbulence profiles /~?airall, 1980 and Fairall et al, 1980_7, 
Two platforms, the h/V ACAniA and an aircraft, v/ere used. 

In this study, ovar".vater radiosonde profiles fro.m the 
?./7 ACAT’IA., profiles from the spiral flights of the aircraft, 
and overland radiosonde profiles at the 'laval Postgraduate 
School (TPS) are compared tc aerosol .m.easure.ments and .model 
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pradiction ,7iade from ladder flights of the aircraft, fhe 
approach v;as to describe the prevailing sjaicptio conditions 
at the time of the soundings and to show hc'w these condition 
affected the vertical aerosol extinction at 3.75 .ticrcns. 

The results are compared to those presented by Hughes (I 9 OO) 
•'.'here both the height and the strength of the inversion v/ere 
considered. 
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Bacicgrouiid discussion '.vill consist of a sursnary of sho 
investigations by Hughes (I9SC) and Hughes and Richser ( 193 C), 
and brief descriptions of the evaluated models. 

ihe aerosol extinction coefficient, the pa.rameser of 
interest, is a function of she v/avelength of the radiation 
(X), particle size (r), and particle index of refraction (n) . 
Since aerosol absorption is negligible, aerosol extinction can 
be almost entirely a.ttributed to scattering processes. There 
are thiree types of scattering (Rayleigh, .‘..ie, and '..on-selective 
v/hich depends on the ratio cf the size of the particle so the 
v/avelength. Rayleigh scattering applies to particles v/hich 
are .much smaller than the v/avelength, Hie scattering to 
particles v/hich are near the same size as the v/avelength, and 
Hon-selective scattering so particles which are much larger 
than the v/avelength /~Raby, 195 1_7. 

The scattering area coefficient, H, is she determining 
parameter in His scattering. /I is the rasio cf the incident 
wave front to the effeesive cross-sectional area of the 
particle. The extinction coefficient, b, is related to H 
as follows: 


ro 

=J' (DH/Dr) ■"(n,r/X} A(r) 


dr 


1 Li 


( 1 ) 








































’.vhara DiI/'Dr is the nur/cer of particles per size range Ir in 
a size interval centered at radius r, -"(n.r/X) is she iiis 
scattering area coefficiens, and A(r) is the particle area, 

9 

nr~, for spherical particles. Zxtinction coefficients ba.sed 
on observed aerosol distributions can be conputed, for 
either discrete v/avelengths or a v/avelength band, using 
enact Mie coefficients /"haby, 19S1_7. 

^ T*’T-?T,Tr: 

H. G. Hughes (I 9 OC) evaluated extinction profiles deter¬ 
mined from measurements of aerosol size distributions obtained 
by HC3C investigators in the vicinity of San Hicclas Island, 
California, during April-Hay 1973. -ie compared observed 
extinction coefficient variations with height to those pre¬ 
dicted from the 'dells-Gal-r.!unn ('.'GiH) model /"dells et al, 
1977_7 sr.d to the LO'dTHAH 3B model. Relative humidity, v/hich 
is an input parameter of the 'dGI': model, "/as calculated from 
the air and dev/-point te.mperatures, v/hich v/as measured 
coincident v/ith the aerosol .measurements. 

Ihree days v/ere chosen for evaluations because of the 
depth of the mixed layer and the strength of inversion. 
Conditions for one day (28 April) v/ere a shallov/ mixed layer 
and weak inversion, conditions for the second day (3 Hay) 

■'/ere a deep mixed la?/er and a strong inversion, and conditions 
for the third day (11 Hay) v/ere a shallov/ mixed layer and 
strong inversion. The surface v/ind speeds for these days 
v/ere 3-5, 5-7, and 10-12 m/s, and visibilities v/ere Ic, 11, 
and 23 --cm, respectively. 
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Aircraft :.ioun~ed instrunisntaticn used in the measurenien'ts 
’•/ere (Hughes, 1930): 

(1) An airborne ncllenberg Ai3S?-10C spectrometer probe 
for aerosol size distributions. The measurements gave a 
radius coverage from 0.225 to 14.7 microns, lata v/ere summed 
for four second tine spans. 

(2) An HP200A quartz thermomexer for air temperature. 

(3) *'n HC-IG TH 73-244 for aev;-point xeoiperat'ure. 

(4) A pressure sensor for measurements of elevation. 


u . ./Hi-.i —GAu—I'lUi'd; .i;CuuIj 

The VJGI'i maritime aerosol model is a t'.vo componenx analytic 
expression for the aerosol size distribuxion. Conxinental and 
maritime aerosols are represented by tv/o components of the 
analytic express ion. 

The m.aritime component v;as adopted from the Diermend jian's 
/“■fells et al, 1977_7 Haze model v/here the num.ber distribution 
is described by 


/“d-I(r)/d log(r)_7 = ar'' s:ro(-bry) . 


( 2 ) 


H(r) is the total number of particles per cubic centimeter, i 
is radius of the panticle and dependent cn relaxive h'umidity 
(RH), a and 7 are dependent or. the velocity cf the '.‘/ind (’u) 
in m/s, and b is a constant. The valxies for a and '.’/ere 
determined by empirical methods and ha.vs the form. 


250 -r 75 c u 

0.29 


1.16 


= 6900 


u 


for u < 7 m./s (3) 

for u > 7 m/s 






































C^-i i -4- 


y = O.30A'. - 0.00293 u- 


1 


( 


/. \ 


Q <::! c: / 


;cn for the chsr.gs in ins behavior of a at 7 n/s is 
that a rapid increase in the nunber of large particles occur: 
•■;hen v/hite caps form, V/hite caps fern at approxinately 7 
n/s. 2elov/ 7 n/s, the aerosol size distribution taxes on 


sh.e characssrissics of continental 


' c? 1 a? 
w >0 __ O 


The nodel allov/s for aerosol particle size change in 
response to relative hunidity changes. The equation for this 
is given by 


’7h0r9 r 


V' = H* 

-o‘ 


( 5 ) 


is the radius of the -oarticle at zero oercent 


relative humidity and F is the grovth factor. ? is 


=1-0.9 ln/“1-(2H/100)_7, 


( 6 ) 


(P.H/100) is the decimal equivalent cf percentage. It is 
noted that the expression for ? is for sea salt aerosols • 
sodium iodide as the nucleus. 

Including relative humidity, the altitude dependence, 
and the continental component in the equation yielded the 
final form of the equation used by hells et al ( 1977 ): 


^d::/dr_7=_^ j 0.^7 ( 


(-Vr) 


r N 


-a 


2 .3 oe (G^ -i- u' 

" - 4-I • 


erepCS 
(—^) e:cp/~-( 
( 7 ) 
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"1 


<5 .• 


dsfir.ed as a in Equation 3 • i- is the altitude 


snd and are scale heights for the continental and 
nariti.Tie conponents; values for these scale heights can be 
found in Table I of the published paper /”':ells st al, 13-71 Jy . 
hughes (1980) slio'./ed that the constant coefficient in the 
raritine component should be the inverse, Q.^3'‘' iiistead of 


A version (’7slls-^[atz) of the previously described model 
is that used to compare actual ^’’ersus calculated extinction 
coefficients in this stud3'’. Modified through empirical methods, 
the ’iells-Kats '■'lodel is as follows 

/"dVdr_7 = 1.7 - 1.62 (C,+ Cp ) 


^ z. 




-8.5(-" 


a * '“ST- 


The first term is independent of elevation v/hereas it was 
not in the original model. The third term is still elevation 
dependent, r is the droplet radius in microns, 2 is the 
elevation above sea surface in meters, and h^ is she scale 


''3'v r 


height (800 m) for altitudes less mhan one "an. a is given 'i; 

ot = O.Sl exp/"0.066 RH / (l.Ofc - ?-:i)_7 (3) 

where Rh is the fracaxicnal relaxive humidity for relative 
humidity bet'.veen 40,0 and 96.674 v is the wind factor 
scaled from surface speed u, in this case the wind speed 
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•7~s ‘caksn frc;n ship height, snd defined as 0.5 rn/s for 
speeds less xhsn or equal xo f m/s snd as (u - 3.5) m/s 
ax speeds greaxer xhan m/s. ihe growth factor, f, is 
defined as one plus xhe qu.anxity v/60 cubed. F is the same 
as y in xhe original equation. C 2 _ “ '^9 ^ defined as 

a for veiocixies greater than 7 m/s, whereas the value becomes 

a a 

m/s /~hoonkesxer, 


for velocities less than or equal to 7 


-c: -- -7 


Results of comparisons bexween observed snd predicted 
aerosol extinction by nughes (1980) and Hughes and Richter 
(I 98 C) appear in Figures 1 and 2. ihcse from Hughes are cased 
on the ..'GH model and the L0..'fR.'lT 31 marixime model. In 
general, the comparisons for both ar? 
belov; the inversion. Further, discu; 
hell until an examination of results 


coth are not 

good, part 

, discussion 

on this is 

results from 

xhis sxudy 
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(a) Aerosol extinction coefficient varia¬ 
tion v/ith altitude calculated using aerosol 
size distributions Pleasured during constant 

altitude ( • ) and spiral (-) aircraft 

flights; the VIGIi model <<-X) ; and the 

ICVIfRATI 33 maritime model (-). 





(b) 


in 


(a) 



(c) As in (a) except no 
constant altitude aircraft 


Figure 1. Hughes' aercsol extinction coefficient variations 
Vith altitude. (Hughes, 1920) 
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figure 2. CciriT^ariscn of exaincaicn 
(smoothed) v/itli altitude calculaxed 
measurements and those calculated us 
33 marixime model. ulugnes 


coefficient var 
using aircra.fx 
ing the f.unn-na 
and lichtar, 19 


iaxicns 
.jacllen 
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-he data for aerosol extinction v;ere measured from the 
Airborne Research Associates’ turbo charged Bellanca, using 
the r"CSC aerosol measurement system consisting of a "article 
heasurements System (FhS) model AS3A? (Figure 3). All 
measured data v/ere sampled every 2.5 seconds '.vith a tv.'o-scan 
average every five seconds. She aircraft fls'7 at a ccnstant 
altitude for two minutes during measurements then v.^ent to a 
different aJLtitude (ladder) and repeated the process. The 
data v/ere stored on magnetic tape. The aircraft also measured 
air and dev/point temperatures, which v;ere used to compute 
relative humidity. The primary vertical profiles for this 
study are of aerosol extinction (actual and predicted) and 
relative himidity. 

During flybys v/ith the H/Y AC.'TvIA., aircra.ft a.erosol 
distributions were compared v/ith those obtained v/ith tv/o 
probes on the ship. The tv/o probes on the R/V ACARIA were 
the ?Y-S models CSAS (classical scattering) and A3A3 (active 
scattering) , Figures 4 and 5» controlled by a ?Y-3 data 
acquisition system. (DAS-32) with a computer interface. The 
shipboard systems measured aerosols in 90 different sice 
channels from 0.09 to 14.C micron radius. Because the ship¬ 
board aerosol system had a v/ider size range, aircraft aerosol 
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^igure 3 


Spectrometer probe rnoiirted on the aircraft. 


23 























Figure 4. Spectrometer probes and lov/er level v/ind instru¬ 
ments mounted on the bov; of the H/V ACAITIA. 



Figure 5. Sensor locations on board the R/7 ACAFIA: 
sensors at 2 and 4, spectrometer probes at 3- 
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data ^vera corrected to agree v/ith the shio aerosol data 


/"Pairall, 19C0 and Pairall ee al, 195C_7 


-ilS 


c L/ —. 0 n 


factors v/era used v;herx computing the varsical eatinction 
profiles. 

Profiles of virtual potential temperature and mixing ratio 
"/ere cctained from three different sources. The reason for 
using these tv;o parameters, instead of temperature aid dew 


'Sion 

BJT 9 . 

more eas 

iiy 

1 were 

spi 

ral flig 

hts 

. from 

i . x' V-* 

, and fr 

on 

and a. 

ircr 

aft duri 


s 6-9 

and 

Figures 



the days oi interest are snov/n in j/ igi 
10-16. The location of NFS is included in the ship trades, 
'■/hen the P/V AC.\r/IA v/as not on these tracks it v/as positioned 
between Point Finos and harina, (Figure 17). Phe locations 
of the ladder (I) and spiral (3) flights are given for the 
aircraft tracks. 

;/ind speed is an input variable for the ’'/ells-./atz model, 
and is based on 30-minute averages observed aboard the H/V 
ACAI/IA. Some v/inds are avera.ged over shorter time periods 
because of maneuvering of the ship. These v/inds are measured 
at the 20.5 meter level and corrected for ship's speed and 
direction. In some cases the "/ind had to be calculated from 
the friction velocities calculated from aircraft measured 
Values of the rats of dissipation of turbulent kinetic 
energy ( € ) . € v/as the variable of interest in other 

analyses of the e:n)eriment and will not be discussed further 
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6. Cruise track of the H/V AC/illA on 1 Ma?/ 1980. 
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Figure 7. Sane as Figure 6 except 3 --lay 1930. 
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8. Same as Figure 6 except 5 1980. 
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gTJire 10. Flight: 
hay 1980. 


path of the aircraft on 




afternoon of 


30 











SaiT.e as Figure 10 except mcrring of 3 


1980. 
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gure 11. 
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urs 15 . Same as Figure 1C except morning of 7 1930. 







ure 16. Same as 7igur9 10 except afternoon of 7 I-Iay 19S0. 
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Figure 17. I-'ap of ""onterey 3ay, location of 
'■/hen not on track and loca'cions of Fritzsche 
konterey Airport (.'.Pkf) . 


u/10 i liI 

Field (CAR) and 
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bars. -he reason v;inds -'ere estin'iated fror* aircraft r.ieasured 
e values is shat the shipooard measured v/inds to oe repre¬ 
sentative. h'ind speed is not measured oy the aircraft. 

ether non-aerosol insarumenta'uion used on doth the 
aircraft and ship are described by Fairall (1979) and Schacher 
et al (19S0a). 


The surface and 500 millibar' synoptic charts and G013 
’■Jest satellite imageries. Figures lS-25» are used to evaluate 
the synoptic situations. The charts used for this presenta¬ 
tion are from NCAA v/eehly series of da.ily v/eather maps. 

Local e/eather condit:ions occurring are obtained from the 


ij . ^ . i 


Ir 


■my, Fort Crd, rritzsche Field v/eather observations 


v;hen possible. Fritzche Field is not a 24-hour reporting 
station so observations from the I’.onterey airport are used 
at times v/hen observant ions are not available. Fritzsche 
Field observations are chosen over those of Nonterey airport 
because they are more representative of the v/eauher conditions 
occurring out in the Lay '-/here the ship and plane are 
operating. As shov/n in Figure 17» .'-onterey airport is 
protected by a land mass to the v/est v/hich prevents fog 
from arriving at the airport until after its arrival at 
Fritzsche Field. Fritzsche Field is located 5 from the 
Lay and Ih lu?. to the north-northeast of NFS. Lecause of the 
land mass v/est of Nonterey Lay and its orographic effect, 
fog forms v/est of Point Finos and then bacJ: fills into liontere 
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Pisrure 18. Surface and 
U.3. at O 5 CO ?DT on 28, 


500 niilliDa.r analyses 
29, and 30 .\pril 1980 
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19. Same as Figure 13 except 1, 2, ar.d 3 F.ay 19cO. 
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'igure 20. 1 r.’ay 1920 GClS '.Jest Satellite iraagery at 0915 
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21. 3 lay 1980 GOZS 'Jesl Satsllile imagery 3.Z 12^5 ?D2- 
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?igure 22. Came as Figure 18 e: 
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and 6 y.ay 19c0. 


^3 
























LLi 























































'igurs 24. Same as Figure 18 except 7, 3, and 9 4ay 1980 
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17. 37xC?-riC CC7DI2ICi;S 

A T) A T O A’TO “T .'^P C? 

The v/eather conditions 'vere generally neutral 'vith 
occasional noderatel^^’ sta’cle and -Tioderately unstable condi¬ 
tions. Several '.veah frontal systems passed through the 
area during the experi.mental period. Shcv/ers occurred during 
the first and last days of the experimenx in conjunction '.vith 
frontal passages. Lov/ cloudiness and fog occurred during 
the morning from 29 April to 5 lay* ’'Vith fog returning again 
on the 9th, the final day of the experixment. 

At the beginning of the period, the area is dominated 
by a slov/ly eastv/ard migration of a cut-off lov; at the 5fC mb 
level, Figure 18 and 19. 5y early morning on 2 x'.ay, the 
area is oinder the influence of a weak ridge. Figure 19* Cn 
3 7ay, the area is under divergent flow at the upper level. 
Figure 19. An upper level low has formed off of Baja, 
Ca.lifornia on b- 7ay leaving the area under an influence of a 
Col, Figure 22. Cn 5 -'*ay* the area is betv/een a trough and 
a ridge (Figure 22) , and by 6 .'.ay, the area is on the back¬ 
side of the trough (Figure 22). Because of deepening of the 
trough, the area is still on the backside of the trough on 
7 r.ia.y, Figure 24. A nev; upper level trough formed and is 
approaching the area on the final two days (8-9 -''-ay) of the 
experi.ment. Figure 24. 
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Surface v/irds are relativel” light, 0 to 1C kt, during 
the period and inorease toward the end of the period to 
16 kt, v.'ith gusts to 22 kt. 

important feature in these interpretations is the 
nature of the mixed layer, often topped 'ey an inversion, 
with regard to stability and hence mixing intensitites. 

It is assumed that m^ixing hecom.es greater as conditions 
become more unsta'cle. 

At the start of the experiment, the mixed layer exhi'oits 
stable to slightly stable conditions until around 1300 PD! 

23 April 'vhen oonditions become .more neutral. The neutral 
condition re.mains until 1 .’'ey ’vhen oonditions once again 
become stable. A weak frontal passage before OfOO ?DT on 
29 -ipril does not appear to affeot oonditions of the mixed 
layer feature. The mixed layer remains stable until a 
frontal passage on 2 ...ay when oonditions becom.e neutral and 
re.mains as suoh until 5 T.ay. In she morning of 5 ‘‘'Sy, oon- 


e, 

returning to 

neutral cn 

^ V'p- 

at 

13 CO ?DT on 

o ^ V> 
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to 

the end of t 
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B. r.IXSD lAYBR AhD A2RCSCL IXTiriCTICh RESULTS 

Days chosen for further analysis are 1, 3, 5» ai'id 7 May. 
Reasons for these ohoices are presented with the desoription 
of these days. Cn the first, the area is under the influence 
of a surfaoe low in Colorado, with a frontal system 
approaching from the northv/est. Figure 19- Cn the third, 
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system, 
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the fifth, a frcr.tal syste^Ti passes 
approxi.niately 13C0 FDf (Figure 22), 


the seventh, the area is behind the frontal system v;hich 
passed through on the fifth "/hile another system is 
approaching from the norxir.vest, Figure 2^. 

The results are shovrn in the vertical profiles of specific 
humidity, virtual potential temperature, relative humidity, 
and comparisons of observed and predicted aerosol extinction 
at the 3.75 micron ’.»/avelength. -he 3.75 micron v/avelengxh is 
chosen because it is the v/avelength used by Hughes (1980) and 
Hughes and Richter (198O). The locations of the ladder flights, 
from which the profiles were obtained, are designated L 
in the aircraft flight paths given in Figures IO-I6. The 
ladder profiles have corresponding spiral profiles which 
appear in Figures IO-I6. 

The profiles of virtual potential xemperature and specific 
humidity obtained by spiral and radiosonde ascenxs are shown 
in the follcv/ing description of the chosen days, .bn aspect 
of these profiles v/ill be the difference occurring between 
the locations and the types of measurement (spiral or 
radiosonde). These differences are described but there is 
no attempt to interpret the reason unless the difference 
represents an obvious horizontal change in the mixed layer 
depth. The objective in presenting the various profiles 

ho 















01 


io to provide a general picture of the nixed layer condifions. 
The general nixed layer depth end structure is vie'.ved as a 
S'.noptic scale aspect of the cbserved extinction profiles, 

1. 1 hav 1950 

The first of -''ay is chosen because of a parallel 
research study pertaining to the use of satellite anomalous 
gray shades to predict extinction /~3chultz, 19 S 1 _ 7 . 

The surface '.vinds are light and the surface layer 
is unstable throughout most of 1 May becoming stable at the 
end of the day (Table I). The area is under the influence cf 
a surface low in Colorado, with a frontal system approaching 
from the northwest, Figure 19. The early morning hours are 
dominated by low cloudiness and fog 'until ICOC ?DT. The 
shies become scattered and visibilities improve after lOCO 
?DT, with the greatest visibility being 25 miles. 

The airborne (spiral) profiles. Figures 26-2B, shc.v 
near-ne'utral to stable conditions v;ithin the mixed layer and 
stable conditions above. From 1710 to 1352 PDT, the mixed 
layer depth decreases from ^50 to 3C0 m. along a line extending 
from 13 to 76 Mm west of M?3, Figure 10. The soundings from 
the H/V ACAI'IIA (Figure 29) sr.d ITFS (Fig-ure 30) sho'-v very 
•unstable conditions near the surface. The R/V AC.IT'IIA '-vas 
63 hm v/est of NFS, Figure 6. The TJFS sounding could be 
influenced by heat rising from the land. The AC.M.TIA sounding, 
1225 POT (Figure 29) , has lower virtual potential tem.pera- 
tures than the spiral profiles v/hich also causes the mixing 
ratio to have lower values because it is computed from 
relative humidity and temperatu^re measure.ments. 
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U is 'vind/speed (.n/s) , r(^c) is temperature in degress Celsius, 
T^(^c) is sea surface temperaturs in degrees Celsius, 
is rslatiys humidity in percent, and 1/1 is the ste'r^'’■ 
index. 
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Figure 26. 1 l\3.y I 9 S 0 at I 7 IO FDT, Aircraft profile of 

virtual potential temperature ('cottom scale, in degrees 
lelsius), solid line, and mixing ratio (top scale, in grams 
per kilogram), "broken line, versus height. 
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r’-.s 17^2 PD- spiral prcfila, Figure 27, dees not shev/ 

a near exponential shape at 175^ P2-, Figure 31, v/hich is not 
correlated v/ith the observed a.ercsol extinctions. It is 
believed that the low v^ind speeds, ^.9 -/s, causes the pre¬ 
dicted values to be pri.narily continental and to be determined 
by rela-tive humidity. In contrast, rhe 1903 ?D2 (Figure 32} 
profile shov/s a definite inversion and the predicted extinction 
values are better correlated ’vith observed values -vithin the 
mixed layer. Predicted extinction values are definitely less 
than the observed values above the .mixed layer. 

2. 3 :-:ay 1980 

The third of liay is chosen because all spiral profiles 
sho’*/ classic examples. Figures 33-37, of a v/ell .mixed boundary 
layer capped by an inversion. This assessment is based on both 
the virtual potential temperature and mixing ratio distri¬ 
butions with height. 

The v;inds are 7 to 10 ht; therefore, production is 
occurring during the afternoon and the surface layer is 
unstable through the "/hole day (Table II). Therefore, pro¬ 
duction is v/ith quite good mixing. The area is behind a 
weak frontal system, v/hich passed through the area in the 
early hours of the day before. Again, early morning hours 
are dominated by lov/ clouds and fog, v/ith a lov/est visibilit 
of two miles. The skies beccm.e scattered and the fog dissipates 
by ICOO FDT. Lov/ clouds occurring agaiit in the area at 
1700 ?DT, but the visibility remains unrestricted. 
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a \'rell mixed 


The airhcme (spiral) profiles show 
oouTidary layer capped by a strong inversion. lie the morning 
(figures 33 and 3-0, the mixed layer depth increases frcm 
425 to 500 m along a line extending frcm 43 to 83 hm to the 
"/est-northv/est of h?S, figure 11. hence, the mixed layer is 
guite luaiform in the horizontal. In the afternoon (figures 
35~37), th.e mixed layer depth iiccreases from 300 to 500 m 
along a line extending from 13 to 122 ’em from hf 2 , figure 11 . 
All profiles, figures 38-40, support an assessment of a con¬ 
vective mixed layer but ea.ch has an anomolous feature v/hen 
compared v/ith the others. In the 0800 FDT r'F3 sounding the 
level above the Viixed layer is m.uch drier than any of the 
spiral profiles; a mixing ratio of approximately 1 gm/’.:g 
compared to approximately 3 gm/hg. The 0845 FDT AGAI’IA 
sounding sho'.vs a rapid decrease in virtual potential 
temperature above one km, which is not observed in any of the 
other profiles. This decrease affected the .mixing ratio 
as well. The location of the .\CAhIA at 0845 FDT -/as 39 
km. to the v;est-northv/est, and at 1555 fOT the location v/as 
c4 km to the west-nertInvest, figure 7. In the 1555 FDT 
sounding the virtual potential temperature is approximately 
six degrees lov/er than any of the other profiles. 

Relative humidity and predicted and observed extinc¬ 
tions for 3 fay appear in figures 41-A3 . Phe day has the 
most representative example of a well m.ixed boundary layer 
for relative humidity whic’n increases uniform.ly 'vith height 
to the inversion v/here it drops off sharply. Observed 
extinctions have rapid increases at the top of the mixed 
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Figure 39- 3 -ay 1980 ai 0845 FIT. 
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layer due to clouds (extinction values greater than 1C), end 
then rapid decreases innsdiately above the inversion. Che 
predicted extinction also increases at the top cf the nixed 
layer but not as large as the observed extinction. In 
general, predicted and observed values agree near the surface 
but not near the tcp of the mixed layer. The predicted 
values do not agree v/ith the observed values above the 
inversion. 


3. 5 hay 1960 


The fifth of Hay is chosen because of a '.veak inversion 
and a relatively deep mixed layer. 

The winds are 7 to 1C kt, therefore, artive production 
is occurring in the afternoon and the surface layer is 'unstable 
during most of the morning and becomes slightly stable for 
the rest of the day (Table III). Active production is 
questionable because of the lo'-i v;ind speeds. 

Turing the hours before sunrise, scattered lov; clouds 
dominate the area. 7rom just before sunrise until C0OC ?TT, 
lov; cloudiness and fog dominate the area wish middle and high 
level clouds moving in. A frontal system* passes through 
the area at approxLmately 13CC ?DT, and the visibility iimproves 
to 25 miles and laser to h5 .miles. After the frontal passage, 
the sky becomes broken and the winds increase ’.vith gusts 
to 22 kt between IhOO to 1700 FDT. The skies become scattered 
by 2000 ?BT and the high clouds .move out of the area. 
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’■/ell nixed layer v/iili a deprh c" 
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C~— Ww*. ^ \J '—J ■ 


lefore frontal passage, 13CC rDf, tne spiral pro¬ 
files (Figures exhioit a "/eal-: inversion near 550 to 

cOC 3"os,c^ concic 21 .3 *v^ 'i.^o* 3 ~ 0 •pi^f t* 

The radiosonde profiles, Figures 50-52, exhi’cia unstacle 
conditions '.vithin the nixed layer but there is no definite 
height except for the II 50 ?DT ACAFIA profile 'vhich has a 

'CO n. After frontal pass a 
piral profiles (Figure hf-bp) exhibit 
a -T.ixed layer depth increasing fro.n 200 n 9 --- frc.n AF2 to 
above IcCO n 95 from NFS, Figure lb, Ihe I'?2 radiosonde 
profile at 1455 FFf (Figure 53) exhibits unstable ccnditicns 
as the lov/er levels, while the ACAIilA radiosonde profile at 
1600 FD? (Figure 5^) exhibits a strong stable condition, 
fhere is very little agreement in the near surface values 
of virtual potential tenperature beav/een any of the radio¬ 
sonde profiles. 

extinction results 
icted values definitelp 
pt '.‘/hen the aircraft fl 
b. 7 hay 1930 

fhe seventh of -'^ay is chosen because of the hcrison' 
variation of the nixed layer. The spiral profile exhibias a 
shallo’v nixed layer v/ith a strong inversion close to shore 
and a deep nixed layer ’.vith a strong in'/ersicn sone distance 
fron land. The surface winds are gusting from IS to 21 ht 
bet’.veen 1400 to 2000 FDT and the surface layer is in a sligh 




scciated ’.‘/ith 

this case are 

anger than the 

obserased val 

into clouds. 

Figures 55-5S 


75 


c r 




























HEIGHT (Km) 


MIX RRTIO CG/KG) 


2 4 6 8 10 



0 . 0 '-- 1 -^^- 1 -' 

10 15 20 25 30 35 


VP TEMP (CENT) 


?igtire 5 --2-y 

potential tenpera 
line, and mixing 


19 S 0 at ICC? 
ture (Icttcm scale 
ratio (top scale, 


brolen line, versus height. 


ii — I. ^ CU-J- 

, iii degrees 
in grams per 


rofile af 
Celsius) 
tilegram 


V 


/ » 




























MIX RnTIO CG/KG) 



VP TEMP (CENT) 


orofils 


Figure . 5 -ay 1920 at 1C35 

potential teiaperature (lottom scale, —. — 

line, and nixing ratio_(top scale, in grans per lilogran), 
dro’cen line, versus height. 


irtu 


legrees Celsius), soli 


77 


cd T) 




































HEIGHT (Km) 


MIX RHTIO CG/KG) 


2 4 6 8 10 



10 15 20 25 30 35 


VP TEMP (CENT) 


Figure . 5 Fay 19 SO at ~D'i. 

potential temperature (cottom scale 
line, and mixing ratio (top scale, 
droFen line, versus height. 


Aircrait profile of 
f T. d^ *^03 CgIs'^us) ; 
iic. grcjns per 'cilograj:'i) 


vlr‘'tu 
sc di 


C vi TJ 




























HEIGHT (Km) 


MIX RATIO (G/KG) 


2 4 6 8 10 



VP TEMP (CENT) 


Figure ^7. 5 -ay 1920 at 17CC FOF. Aircraft profile of 
potential temperature (cottom scale, in degrees Celsius), 
line, and mixing ratio (top scale, in grams per xilogram) 
bro’cen line, versus height. 
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-'nis IS a day "/I'ch acrive locau generation. 

the area is still oeiiind the frontal sys'ceni which 
passed through the area on the fifth. -nother system is 
approaching from the norxhwest, Figures 22 and 2-i-. Scattered 
clouds, v.'ith occasional clear periods, exist c’/er the area until 
1553 PIT, v/hen a dech of lev; clouds moves in. The visihilities 
remain unrestricted throughout the day. 

The morning aircraft (spiral) profiles (Figures 59 
and 60 ) exhibit a shallcv/ (200 m) to .moderately deep (h 25 m) 
mixed layer at ^'-6 and 89 hm to the v/est-ncrxhv;est of IPS, 

Figure 15. In the afternoon, the profiles (Figures 61-63) 
again exhibit a shallov; to deep (200 to 6 OO m) mixed layer as 
the aircraft went outv/ard from shore Figure I 6 . Ho'.vever, the 
soundings frem the ACTIIIA and MFS do not support a well 
defined .mixed layer. The morning soundings at IPS (OSOO POT) 
and the AGANIA (0835 PTT), Figures 66 and 65 respecsively, 
could be made to agree v/ith the spiral profiles by neglecting 
the first two or three levels of the virtual potential 
temperature profile. This v/culd place the top of the mixed 
layer at IPS at 200 m and at the .IC.iPIA at 5 OC m. The AS.-PI.^ 

'?as 67 'sm to the ’west-norshv/est of P?3, Figure 9- Ho'vever, 
above the mixed layer the hPS sounding shows a decrease in 
the values of virtual potential temperature and an incrsa.se 
in mixing ratio at the .middle levels compared to the spiral 
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Results predicted in the previous seccicn clearly shov; 
chat the predicted values and xhe actual values of extinction 
are correlated to some degree in the .'nixed layer, .-'nan they 
diffar, the deviations appear to be due to both v/ind speed 
and relative humidity specifications in the model. ihe 


v/ind speeds used in the model are averages over ti.me and are 
not the local wind at the time of the observed profile. -his 
appears to have had the effect of causing the predicted profile 
to be biased toward higher or lower values depending on v/hether 
the 'vind speed is over or belov/ 7 m/s. Higher predicted 
extinctions were associated with wind speeds that are too 
high and a lower predicted extinction indicates v/ind speeds 
too low on the average. Hind speeds recorded from the ship 
are believed to be v/ithin an accuracy of ten percent 
/"Schacher et al, 19SOa_7 -snd average relative humidity are 
believed to have accuracies v/ithin three percent. In viev/ 
of these accuracies of the two controlling factors, the 
results of the predicted extinction va.lue3 could still not be 
adjusted to agree v/ith the observed results. Another reason 
for the differences between the predicted and observed 
extinction profiles could be round-off and/or trui'ication 
errors of the empirically derived coefficients of the 
prediction model. This is not believed to have been the 


1C5 



































r-ascn. Uven if all the above measureir.ent and cornputa-cional 
errors could have been corrected, she predicted extincsicn 
velues ’vculd ncs be the sesae as the acsual extinction values 
in the niixad layer. 

A significant aspece of the conparison is that if the 
predicted value v/ere normalised v/ith the actual value of 
extinction in the lov/er nixed layer, there seems to be a 
higher concentration cf aerosols near the top of the mixed 
layer than predicted by the model. This could be explained 
on the basis of the relative humidity sensitivity of the 
grov/th, as sho’.m by Fitzgerald (1975), Figure 69 . It is a 
reality that at a high value of relative humidity slight 
errors v/ould drastically affect the predicted values. 

This has to be considered in viev/ of the three percent uncer¬ 
tainty in the relative humidity measurement. 
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A. Os. I’lLi j-L o _C 2« ^ 

The mcdel includes ooth a nari'tiir.e and continental com¬ 
ponent above the top of the inversion. Hov/ever, she maricirae 
aerosols are trapped belcv/ the inversion so the region above 
••/as composed solely of con^cinental aerosols. This leads to 
predicted values being larger than these act-ually measured 
above the inversion since a maritime source as included •//nich 
did 'not exisr. Also, the model specifies an exponental 
decrease v;ith heighx ra^ce for lev/ relative humidities v/hich 
•'/as nox found in the observed extincxion. 

Differences betv/een the spiral profiles and xhe radio¬ 
sonde profiles suggest that radiosondes can nox yield accurate 
prediction profiles, extinction profiles fro.m an accurate 
model based on radiosonde data v/culd be in error d'ue to 
measurement capabilities. 

The LC’jrrh'\h 3B profiles (figures 1 and 2) are nox 
adequate because they are exponental even v/ithin xhe mi::ed 
la.ysr. The model yielded relatively accurate extinction 
values near the surface, but yielded erroneous val'ues ax 
altitudes. This is because realistic relative humidity 
distributions are not considered. At sea, as seen, LC..'ThAI. Jl 
users risk underestimating the range v/hen a fixed trans¬ 
mittance occurs /"Hughes, 198C_7. Cver long over •.■/ater slant 
path ranges, LC./THAIT 3B should not be used for open ocean 

vertical distributions of aerosol extinction. 

*1 nQ 
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5as9d on ccnclusicns in part A the follc.ving reco.tnenda- 
tions are T^ade: 

(1) *-or9 sensitive radiosonde instruitents should be 
developed along ’.vith oalibration instru.Tients. The perfsot 
aodel, without acourate measurements of relative humidity, 
■'.'ill not be able to aoourately prediot axtinoticn. 

(2) experiments should be oonduoted in the Gulf of 
hexioo, off the eastern ooast of tne United Utates, and 
in the ajrid region of the southv'/est. ihis is beoause 
off the California v/est ooast the relative humidity is 
usually not high oompared to other U.S. ocntinental ooastal 
regions. The Gulf of ICexioo v;ould have a higher relative 
humidity '.vhen v/inds are from the south around the Berm'uda 
high. The northern part of the east ooast would have off 
shore -.'/ind flow around the Bermuda High, .ind the south',-/est 
•'/ould be laoking a moisture souroe. 

3. Cne model should not be used to prediot vartioal 
aerosol extinoticn for different type regions. -his is 
beoause of the oontinental ocmponent. lather, a baslo 
model should be modified for individual regions, for 
example: the 'ells-Hats model oould be modified for the 

,/est Coast to have only a continental component above the 
inversion of a mixed layer. An arid region might have only 
a continental component. The Gulf region might have only 
a maritime component during certain seasons and a mixed 
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